Since the life cycle of Fasciola hepatica has been elucidated, the disease caused by it has been the object of several extensive investigations. Detailed information is available on experimental infections in rabbitsw, mice 6 -9 , and rats 38 and also on the hepatic histopathology of experimental fascioliasis in calves-t. 28, pigs 29 , and sheept-.
Results
Fresh migrational tracks produced by immature flukes were found during the periods 1.1 to 15.1 and 31.8 to 31.12. Livers carrying immature flukes were simultaneously chronically infected. The highest numbers of adult flukes occurred from January to March with a maximum of 120 mature flukes. Microscopic examination commonly revealed fluke eggs in great numbers in the bile of gall bladders.
Gross Pathology
Migrational tracks were distributed at random throughout all areas of the livers, but were most common in the central and left lobes. Colour progressively changed from brown-red in the smallest tracks to gray surrounded by a red zone of hyperemia in the larger ones. The largest tracks were like large bright-red plaques from haemorrhage produced by the big flukes found in the surrounding tissue.
Chronic infections was indicated by moderately dilated main bile ducts protruding somewhat on the visceral surface of the central and left lobes and progressively narrowing from the hilus towards the periphery. In the lumen of opened ducts brownish mucous exudate contained flakes of gritty material and numerous mature flukes. The walls were as a rule moderately thickened and fibrotic with a rugged inner surface. The left lobe and some areas of the central lobe were commonly somewhat atrophied and cirrhotic with irregular scars distributed at random on the relatively uneven surfaces. The hepatic lymph nodes were slightly enlarged and greenish-brown on the cut surface.
Histology During the Parenchymal Phase
Migrating immature flukes in the liver inflicted extensive mechanical and toxic damage to hepatocytes and other tissue components in tracks and closely surrounding areas. Various blood cells, mainly erythrocytes, occurred in the caeca of the flukes (Fig. 1 ). Closer study by serial sectioning of certain sections which seemed to show 2 or 3 different adjoining immature flukes revealed that the morphological picture was produced by intense folding and curving of a single fluke's body during tortuous movement ( Fig. 2) .
Fresh migrational tracks of all sizes were mainly composed of eosinophilic debris of disintegrated hepatocytes infiltrated by numerous eosinophils and some lymphocytes and macrophages. In smaller tracks tendency to haemorrhages was slight ( Fig.3 ). In the larger tracks the macrophages contained a profusion of iron and some PASpositive substance in consequence of pronounced haemorrhages. Often tissue elements surrounding the tracks were affected by a pronounced coagulative necrosis (Fig. 4 ). The adjoining portal areas and the congested sinusoids were abundantly infiltrated by eosinophils, lymphocytes, and macrophages ( Fig. 5 ). Some irregular fragments from mesenchymal tissue often occurred in the larger tracks resulting from extensive damage. The fine-grained brown material in the peripherial areas of some tracks was similar to the residue of ingested substance in the caeca of immature flukes and apparently had been defaecated by them. An incomplete rim of degenerated hepatocytes surrounding such tracks appeared more dark-stained compared to other areas ( Fig. 6 ). x 75. F ZI;. 2 . Sec tio n th ro ug h t he fold ed bod y o f 1 mig ratin g imrn a tu rc flu ke com pressing pa rt ly d isin teg rated he pat ic pare nch yma. I-I& E , x 50. Healing migrational tracks were as a rule demonstrable in different stages in the large migratory areas. Macrophages were abundant, mainly in the areas of larger tracks, and their cytoplasm was filled by phagocytized iron-containing PAS-positive material (Fig. 7) . The reabsorbed areas of tracks were progressively replaced by proliferating fibroblasts. Proliferation of bile ductuli was extensive in healing tracks and in altered portal triads. The epithelial cells in irregular bile ductuli were hyperplastic and not of uniform appearance (Fig. 3 ). Proliferative processes had resulted in considerable quantities of irregular mesenchymal tissue rich in blood capillaries and bile ductuli, and providing a variable cirrhotic framework to the areas of migration ( Fig. 8) .
Degenerative alterations of the hepatic parenchyma in immature infections were most extensive in the migratory areas diminishing gradually towards the periphery ( Fig. 9 ). In the migratory areas glycogen occurred in traces or was lacking. In areas distant from altered ones the quantity of glycogen in individual hepatic cells was a little more uniform in the periphery of the lobuli. In livers with only few migrating flukes glycogen was relatively abundant.
In the cytoplasm of some hepatocytes in the vicinity of fresh tracks there were eosinophilic, homogenous, circumscribed globules of different sizes (Fig. 10 ). They were moderately PAS-positive and did not react with lipid stains. Granules of this nature did not occur in the nucleus; however, sometimes such were in the extracellular areas.
Necrosis of extravascular collagen occurred occasionally in association with migrational tracks in the immediate vicinity of broad collagenic bundles. Some areas of collagen profusely surrounded by eosinophils stained poorly with ordinary methods. Silver impregnation revealed the altered areas to be irregular fibrillary fragments (Fig. 11 ). Thrombosis of blood vessels was frequent in areas adjoining migrational tracks. Mural thrombi were more common in veins than in arteries. Thrombosis of central veins in migratory areas was relatively general. Occluding thrombi were rare, occurring merely in small vessels surrounded by several tracks. Necrosis of the vessel wall facing the tracks commonly occurred simultaneously with fresh mural thrombi (Fig. 4) . Infarction of hepatic parenchyma did not occur in spite of abundant thrombotic processes. Arteritis and phlebitis were frequent in the migratory areas and not necessarily associated with thrombosis. A slight swelling or vacuolation of the endothelium and associated heavy infiltration of the intima and the adventitia by eosinophils were the most common changes. In prolonged inflammation there were a slight hypertrophy of arterial smooth muscle, fibrosis of the intima, and reduction in the lumen by intimal projections.
Hepatic (ympb nodes were moderately hyperemic. The dilated sinuses were partly filled by endothelial cells. Moderate hyperplasia of reticular cells and lymphatic tissue and considerable proliferation of plasma cells were common. However, occasionally there was a slight atrophy of the lymphatic tissue. Eosinophils were distributed mostly in great numbers throughout the nodes. The phagocytosis of brown, PAS-positive, iron-containing material was extensive.
Tissue mast cells were mainly associated with the interlobular mesenchyma of the hepatic parenchyma, being grouped in great numbers around the blood vessels and in some areas of their walls. In portal triads adjoining the fresh migrational tracks there was no cell with metachromatic granules. This also applied to some areas of vascular walls infiltrated by eosinophils. In fresh tracks none of the cells, including the macrophages in the vicinity, contained metachromatic granules. However, in healing tracks with maturing fibrous tissue mast cells were distributed around blood capillaries.
Histology During the Chronic Phase
Alterations in association with chronic infections, except for changes in the bile ducts, were inconsiderable on the whole. In the hepatic parenchyma atrophy of individual hepatocytes occurred in areas with compression of the cells caused by prolonged congestion and by progressively increasing mesenchyma. Glycogen in hepatic cells was abundant. In the hepatic lymph nodes infiltrates of eo sinophils and phagocytosis of pigment persisted in a moderate degree.
In the main bile ducts the mucosa was composed of a broad zone of compound glandular structure with numerous irregularly dispersed tubuli and acini. The most superficial areas of mucosa were commonly necrotic (Fig. 12) . Calcific plaques were frequent in cicatrized areas. Evidence of extensive haemorrhage was lacking. The epithelial cells not traumatised by flukes were tall, columnar, and clearly defined with pale cytoplasm and several nucleoli in the basal nucleus (Fig. 13) . Mitoses were frequent and as a rule occurred in all areas with an intense proliferative activity. The mucosa of main bile ducts had numerous cells with a small chromatin-rich nucleus and cytoplasm filled by big round eosinophilic globules (Fig. 14) . The intense proliferation and various regressive changes, including complete erosion, caused by the activity of the flukes seemed to occur equally in both epithelial components.
Tissue mast cells occurred in great numbers in the fibrous tissue of the hepatic parenchyma and in the thickened hepatic capsule. In the substantia propria of bile ducts mast cells were chiefly associated with blood capillaries (Fig. 15 ). In the superficial areas of the walls of bile ducts normal mast cells with metachromatic granules were lacking. In the chronically infected livers, on account of the considerable mesenchymal framework, the total amount of mast cells was apparently increased.
Discussion
My observations concerning the histopathology of naturally infected bovine livers in general confirm previous reportsu- 14, 17, 18, 28. In the present material considerable alterations during the parenchymal phase occurred in the migratory areas. Frequent thrombosis, significant haemorrhages, and extensive damage were associated mainly with the largest tracks. The cytoplasmic globules of some hepatocytes resemble the 'hyalin bodies' described in several hepatic disorders's'- 32, 33. The etiology and significance of these globules and the necrosis of collagen 13 remain obscure. It is possible that the digestive secretion in defaecated caecal contents of the immature flukes might have some inductive consequences''- 9, 22, 36. The changes in bile ducts of chronically infected livers of cattle 14, 17, 18, sheep->. 35 , and small laboratory animals". 38, 39 are mainly similar. Extensive calcification in the intrahepatic bile ducts which obviously counteracts a prolonged survival of the mature fluke occurs only in cattles- 10, 22, 37. The present study indicates that the proliferation and continuous erosion of the mucosa of bile ducts results in a considerable loss of various essential substances.
Cells compatible with the histologic definition of mast cells 24 are lacking in the portal triads adjoining fresh tracks. Quantitative study on the distribution of mast cells could not be made, because the material was somewhat heterogenous-e. 19-21,34. It is possible that normal mast cells in the portal areas adjoining fresh tracks release their granules and disrupt. Degranulation of mast cells is caused by histamine-releasersw, extract of hepatic tissues", and Ascaris 40 , and by granules of cosinophils-. 3 . The alterations in the portal areas are comparable to an acute inflammation, which causes disintegration of mast cells 16 . In chronically infected livers the mast cells are apparently increased, as is the case in cirrhotic livers 16 • 
Sum JJJary
The pathology of bovine livers during the parenchymal and chronic phases of natural Fasciola hepatica infections is described. Immature infections occurred from September to the middle of January. Significant changes of the hepatic parenchyma caused by immature flukes occurred in association with large migrational tracks. The changes included frequent thrombosis and haemorrhages, extensive disintegration and coagulative necrosis of hepatic cells, and abundant infiltrates of inflammatory cells. In chronic infections the proliferation and destruction of the mucosa of main bile ducts were pronounced. Normal mast cells were lacking in the portal areas surrounding fresh migrational tracks. In chronically infected livers mast cells occurred in great numbers.
Zusammenjassung
Die pathologischen Veranderungen in der Leber von Rindern werden wahrend der parcnchymatoscn und chronischen Phase der spontanen Fasciola hepatica Infckrion beschrieben. Immature Infektioncn wurden von September bis Mitre J anuar festgestellt. Signifikante Veranderungen des Lcberparcnchyrns vcrursacht durch unreife Leberegel wurden in der Umgebung von grossercn Migrationsgangen beobachtet. Haufige Thrombosen und Blutungen, ausgedehnter Zerfall und Koagulationsnekrose dcr Leberzellen und reichliche Infiltration von Entzi.indungszellen wurdcn festgestellt. Chronisch infizierte Lebern zeigten cine ausgedehnte Proliferation und Destruktion der Schlcimhaut der grosseren Gallengangc auf. Die normalen Mastzellen waren aus den die frischen Migrationsgangc umgebenden portalcn Gebicten verschwunden. In chronisch befallenen Lebern trat eine grosse Anzahl von Mastzcllen auf.
